Abstract-The paper considers the model of layered thermoelements. The model enables to study the thermal and thermomechanical processes occurring in it on the basis of solving a transient equation of thermal conductivity, equilibrium equations, the equations of through flow and Neumann equations for the multilayered system by means of finite elements numerical methods. The results are presented in a form of one and two-dimensional graphs of temperature alterations, thermomechanical stress and deformation in various points of a thermoelement.
INTRODUCTION
It is possible to ensure the continuous and steady operation of a lot of types of equipment only by means of providing them with the required temperature conditions. As a rule, they are equipped with special cooling systems, refrigerating units. The consequences are various, complicated; equipment can have large size, mass, energy consumption. In a great number of cases the mass, size, reliability of thermostatic systems are not always comparable with the corresponding indicators of the objects of cooling. This is especially relevant for microminiature equipment with high heat flow rates. The problem of such equipment temperature stabilization can be solved in this case by means of applying thermoelectric devices as the cooling elements due to the fact that they optimally match with it with regards to the most significant energy and mass-dimensional indicators.
A basic element of any thermoelectric device is semiconductor thermoelement (TE) whose varieties are reviewed in detail in [1] [2] [3] . The thermocouple, anisotropic, swirling, short-circuited thermoelements, TE operating in a magnetic field and under high gradient temperatures as well as piezoelectric elements should be singled out. Classic U-shaped representation of these elements is the most common one in the situation when the direction of the input current is perpendicular to the direction of heat current on their cold and hot seams. However, when projecting relatively powerful small-scale refrigerating units (with the power not exceeding 1 kW) on the basis of TE of this type, it is very urgent to provide their reliable operation throughout the whole cycle of the cooled facilities operation.
Thus, the existing weak-current thermoelectric batteries (TEB) when being used in large quantities have inadequate reliability due to the growing number of TE and the correspondingly brazed joints as well as low thermodynamic characteristics. Heavy-current U-shaped TEB are more efficient in this regard due to the fact that the great heat currents on seams have low thermomechanical characteristics.
In most cases copper switching panels with lead pads are applied with the objective to increase thermomechanical characteristics [4] . The lead pads are efficient in this case as they have a due elasticity, relieve the TE branches from pressure, however, they concurrently increase electrical and thermoresistance contacts resistance. Under the conditions of insignificant temperature drops there are split switching plates used [5] . A thin jumper of these plates has the elasticity and slight electrical resistance due to its length. Balanced switching plates and the plates of different length along the cold and hot sides of TE are applied in a number of constructions [6] . Both constructions require the enlarged gaps between the TE branches, which leads to the growth of the heat current from hot seams to the cold ones through the insulating, thus, the useful refrigerating capacity is achieved.
It is appropriate to use the layered TEBs (Figure 1) , in which the direction of current along TE does not alter, and whose construction is not rigid, which leads to the situation when thermomechanical stresses occurring in it can be eliminated or significantly decreased. Such TE construction is considered in works [7] [8] [9] .
The objective of the present paper is to develop the model and study it on the basis of thermophysical and thermodynamic characteristics of the layered TE.
Simulating the TE of layered construction includes the calculation of temperature pattern and determining the corresponding thermomechanical characteristics on it basis.
II. METHODS AND MATERIALS
In practice, the TEB heat insulating is provided along its side surface apart from the surfaces contacting the object of cooling and the system of heat removal in the majority of situations occurring during TEB exploitation. Thus, the thermal conductivity bidimensional problem can be considered when designing TE with a rather significant degree of accuracy. The computational scheme for the described conditions is presented in Figure 2 . Sectors 1, 3 and 5 are switching plates, 2 and 4 are thermoelectric materials.
The system of heat transfer differential equations for this scheme is as follows:  is the conductivity coefficient, i is electrical resistivity, j is current density, Сi is volumetric heat capacity, Тi is temperature, i=1,…,5, t is time.
The initial, boundary and coupling condition are as follows: 
where Тenv is the environment temperature,  is the thermoelectric coefficient;  is the coefficient of heat exchange with the environment, hr is the coefficient of heat transfer with heat removal system, Тhr heat removal temperature.
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The finite-element method is used for solving the system of equations (1) with the corresponding initial and boundary conditions (2) .
Figures 3 and 4 demonstrate two-dimensional thermal field of a TE of a layered structure as well as the distribution of thermal flux density after it turns to stationary operating condition. The following initial data were used: 1=3=5=395 W/(mK), 2=4=1.5 W/(mK), 1=3=5=0,017210 -6 Ohmm, 2=4=10,6510
The heat flow rate was calculated by the following correlation:
where i=1,…,5.
Figures 5 and 6 present TE temperature distribution along its direct axis at different supply current rates as well as temporal variation of temperature in different TE points of the layered construction.
As it follows from the obtained data, it is possible to obtain a significant temperature drop between the cold and hot switching plates at the great heat flow rate in case of applying a layered TE. Thus, when the temperature drop between the switching panels is 47 K, the heat current (on the TE cold seam) proportional to its refrigerating capacity is approximately 18000 W/m 2 , which corresponds to TE supply current 140 А with this geometry. When the supply electric current rate drops, then the value of the heat current on the cold TE seam and the temperature drop between their seams drop as well. Herewith, the TE supply current decreases from 140 A to 80 A and, thus, the temperature drop between the TE seams decreases from 47 K to 31 K. Consequently, the heat current on the cold seam decreases from 18000 W/m 2 to 12000 W/m 2 . Figure 6 shows the information on the temperature change of the cold and hot switching plates as well as on various points of a TE branch in time with the supply current equal to 140 A. According to the provided data the temperature in the stated points gets to the steady-state mode approximately in 900 sec. This circumstance is due to rather large TE dimensional specifications. If the switching plates are 2mm wide, the cross-section area is equal to 40010 -6 m 2 . As it follows from the calculation data, it is appropriate to foresee the heat removal not only from the hot switch plates but also from the adjacent surface of TE branches. Additional heat removal from approximately 1/3 of the TE lateral area can be suggested in its construction.
III. RESULTS
The objective to assess the TE thermomechanical characteristics of the layered construction has led to calculating the mechanical stress and deformations occurring in it. The mentioned mechanical stress and deformations are caused by materials thermal expansion. 
where Е is Young's modulus,  is Puanson coefficient,  is linear expansion coefficient, indexes x, y, xy determine the operative direction values, herewith, index xy denotes the values diagonal magnitude.
Deformation z  is determined by means of x  and y  according to the formula:
When solving the plane problem of thermoelasticity in stresses, values In case of plane stress condition the formula is as follows:
The partial solution of thermoelasticity equation is as follows:
For the plane stress condition the formula is as follows
where F is thermoelastic displacement potential.
For the steady temperature field the formula is as follows 
Therefore, if the thermoelastic potential of F displacements is determined on the basis of the equation (5), the stresses are defined by a simple differentiation with regards to the formula (3).
Due to the fact that elastic displacement potential provides only partial solution, the stresses (3) determined by its means will not satisfy the homogeneous boundary conditions in the general case.
Consequently, it is necessary to apply such an elasticity equation solution which will give the voltage values equal in value and opposite in sign to those which follow from the sign with the purpose to make the boundary free from external effects.
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where f is a biharmonic function.
The final solution of thermoelastic task can be gained by summing up the expressions (3) and (6):
Having introduced Airy stress function, linked with the voltages x  , y  , xy  by the formulas, similar to (6), and inserting them in (5), we gain the following:
The general solution of this equation can be presented as follows: 11 n/m 2 , =0.34 =16.810 -6 1/К for copper switching plates [10] . The thermoelectric material strength limit is equal to 1.010 7 n/m 2 , for switching plates it is equal to 3.210 8 n/m 2 . Figure 7 demonstrates the two-dimensional field of mechanical stress for the layered TE with the supply current 120 А, which corresponds to the heat flow rate equal to 16000 W/m 2 . As it follows from the represented data, the mentioned construction of TE is characterized by the fact that the mechanical stress value does not go beyond the accepted value range. Here, the mechanical stress value reaches the value 0.910 7 n/m 2 for the switching plate. The major mechanical stresses in a thermoelectric substance do not exceed 0.210 7 n/m 2 . Figure 7 demonstrates a TE deformed boundary as well. As we can see in the figure, the deformations in case of the layered TE construction are relatively inconsiderable and are primarily due to the TE lateral elongation and expansion, which is stipulated by the lack of rigid fixation along the edges. Herewith, the maximum value of the distance movement does not exceed 0.18 mm according to calculated data.
For comparison, figure 8 demonstrates the pattern of mechanical stress for the classic U-shaped TE under similar conditions. In this case, deformations are rather large, thus, the mechanical stresses exceed the corresponding material strength limit if the supply current value is 120 A and no special measures aimed at reducing thermomechanical loading are applied. For example, the mechanical stress value exceeds 710 8 n/m 2 for switching plates at the joint with a TE branch, which is 2 times larger than the copper strength limit. The correlation of mechanical stresses and a strength limit of the thermoelectric material are even larger in this case. With regards to the provided calculations, it has been stated that the role of the largest current without exceeding the limitations of the accepted value of mechanical stresses in the system is played by the current which does not exceed the value 82 A, i.e. it is almost 1.7 times smaller than when applying a layered structured TE for which the maximum value of the current is 140 A.
IV. CONCLUSION
The following conclusions can be drawn on the basis of the conducted research:
1. When designing relatively powerful small-sized refrigerating systems on the basis of TEB, certain complexities in providing their reliability of operation can occur. Herewith, in case of using weak-current TEB, a large amount of TE influences their reliability and in case of heavy-current TEB the substantial thermomechanical stress do.
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187 2. In order to decrease the value of thermomechanical stress and deformations in heavy-current TEB it is appropriate to provide their layered construction, in which the direction of electric and heat current coincide. 3. Simulation of a layered TE includes the calculation of its temperature and defining thermomechanical characteristics on its base. Herewith, the calculation of a layered TE temperature pattern is made on the basis of solving a transient heat equation for multilayer systems and determining mechanical stresses and deformations -on the basis of solving equilibrium equations, equation of through flow and Neumann equations by means of the finite elements numerical method.
4. The theoretical results for the layered TE have shown its indisputable advantages over the classic U-shaped one with regards to thermomechanical characteristics under large supply currents. 
